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(57) Abstract: A small, simple current-injection diamond ultraviolet light- 
emitting device comprising a high-quality vapor phase process diamond ( 1 ), 
a surface conductive layer (2) provided on the surface of the diamond, and 
electrodes (4, 5) provided on the surface conductive layeT. The device is a 
free-exciton recombination emission diamond ultraviolet light-emitting de- 
vice comprising a vapor phase synthesis diamond crystal where free-exciton 
recombination emission (235 nm) caused by current injection is dominant. 
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m m m 

5 teffifrm 
io nmf&m 

15 U*»U 1*^5 >7-tt^^%^^<g5«!j^T-, &mmx^>io Site. ^3P~>V • 1/ 
l^teJS (A0y» £figffl-T£ ccDidt, S£*©KW**Cli, v>6 

f**©^ ■fr^FffefeJ*?*: LTtt, (1)^4-240 7 84^ 

*R» (2) mmW-7-3 0 7 4 8 7H?&*L ( 3 ) *SPS¥8 - 3 3 0 6 2 4*£flMF 

25 Cftfe©f^©^^*>F*B3fe*^©*41*«3fea:, ^iWfeSfctt^^HSJcSH 
-rs*«.*W8** l *iBfi9"t»»0. KB49©ttft©J£v^2 3 5 nm-CMt 

£n&©?iJfT*ik:tiU SftffiiB??g16M3fe£oi^T©fl^;P&&jt£. c 

30 v— i*j/»*-fe>x (CD tsicfcoras^LfctSjRiittiHbTv^c-j-grftv^ 

#2B#«fc WSAsgufefelc, fitt««**^©«Wli:LTtt^iWC»* 0 Sfc. IB 
3te»«*|qLtS*afc«&fc:H:, m*©*flto b < tti§a&©^>Si6$j£ISifgKagA-fr 
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l^o K©gEbM^Hi^-£$83te©^*>>b¥-li&:K2 2 9 nm 

C*BMi-f £RgE£tt, 2 3 5nnu 2 4 2 nm, 2 4 9nm, 2 5 7nmttifi£ 

10 jtfcCDfct. 2 3 5 nm^jecDoi^;!/^— S^-r^^^Tfe»3> C^TIiC©M4 

15 fg3tiS^ r -1 , -f^>H^©5aH* s +^^<. #<©^«*4^*fil*^A/C^fco £ 

^36:* (tt£2 3 5nm4^) CoUT, +#-&$g7£5iiJg£rf§& d tifi-C^^tf^fzo 
##gBJ3© e IKjfci:, y -f -V-t> K @W©ifcR©*Ii. > g E&M? f?*Si^8;>te#3£iElSj& 

20 $SH¥7-3 0 7 4 8 7#&«CE**ftT^3«**y©:*'<* 

*SWCBU K**©«^Tfe 5 g (2 3 5 nm) ©3£ 

• ^HSH©-«?!lT-«>^m^Ja^^ (2 3 8nm) ©5&g(;:*f LT 

El 0$:fflUTCn*i5iB^-r-5o 

ElOtt, *»fl8K:*»*»-6^-f "V*>K»3fc*-?fc. «6#©^-f F*6**^ 

^»^fc«fcS»*T»*2 3 5 .nmCtt-^iiaillbTt!), • *R|jgH© 

— WT&SJfclMMS^B^ifcS 2 3 8 nm©3agfc]±LTffi«>-t;fc£ <ftotV^*. 
35 L*>U&#e>, KaftJfc^tt^ttW ■ *K&B©— 
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$.5 2 3 5 nmlH£&m&'h$ < ftoTt^&o 

mm 2 ©»w§i*» m^m i > vmft&mxm^z&i^x, m.mizxm 

10 *£i^5£fg£ft3o 

-C. ±MBMm-&tiiP'(-**> ^I4>©SfIl:*9 OppmttTtUc, 
15 S* s ^^^i»/'^M : ?SJlt-C- 2 0 0 p p mfelT £ Vfz* 

20 ffi^y^f -v* > vmm h uto 

25 lit 9 ©SBUJUi. Sfc^lfcV^LB|:^8©^Tfta»«t>*'-fV j e> H«^M«»* 

utm^s^x. - 1 9 o*c-cocl^ i^t* 

30 ut> Sfti!j^SiS-&^©Rl^^^Mt-5^ib^0. 2^W±-e$>S-i: 

st#jsi it#isifci-> Latvia i oeD^-rn^cDy-f-^^ c&ftii 

35 ^*JS1 2©^ii v iS5)<JM 1 ^ciM^lt*iS 1 1 ©vvriifr©*"^** > H*4i«l 



WO 01/04965 



PCT/JP00/04208 



4 

10 *^^©«Aa*^-i7^M^S{/^Ii^iSJfr- 1 0 0 0 p p m«.Tt UTto 

mxmi 7©%wiix m#m i bit &mi g (D^-rm^^^ v^m. 
15 M9R?ic«v>t, _tie^*a-&j&* r -r-\^> i<im'#. - i 9 o°ct-cdcl^^.^ h 
>>i/ t a v %-r , a temm? mm-smie** * * isi m^fiMg m £ *r u tr - * 

HiS<D1iMii&iftBjj 
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So 

5 

9tm *mm? s tc#><Dm.jk<Dm.m 

faftftm^mm*. m i zm^xmrnizmmTz* 
mi (A) «\ YmFmm&±iz&®.<Dmm*mvfcmgitWki&ito\zfj%? 

10 W-mm-C&b. HI (B)tt, Bl (A) CDB-Bi^T'CDISrH^SetJtriS^UT^ 

mm2t. ULAimimm±izi&i&\si£ni<Dnm4t.. m2ow&s £&t>mi&$ti 
s» m ia>mm 4 Rvm 2 <Dmm5&. P'f-**>\t &»£-rzi£ibiz. 

**»ISaS2_h{caa^fc^DA (Cr) £©±fcJEa*S*l2k& (Au) JB3 

2 i:*^si^n4c 

5^t^>KMSlltt, *y^9*> (Mo) 3WRJiK:|MMi^aij««aa»7'7Xv 

RFA* : 4 5 kW 
ff* : 2 0 0 Torr 

^ : Ar ; 3 1 . 8'J» h^/min, H 2 ; 1 1 . 2 'J y b^/min, 
CH« ; 0. 17Us» Wl//min 

:Ar; 9 9. 9999%, H ? ; 9 9. 99999%, CH 4 ; 9 9. 999 

9% 

AKBSIfll : 3 0 B$ n 
*«iag : &)9 0 0°C 

S« : * ZT^y (Mo) ifig : 5 0 mm, Wfr :5 mm 
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mm : 1 0 0/j.m 

mm&s tr^^> Fmm$:&f&$-*ttcMomm*m*m<<^xmmisX, 

^<**>KfS»fc;fe^TtiU @#CD^v>$cSl©t-^#l 3 3 2 [1/cm] 
0 fcV>L1333 [1/cm] KSUx-So -e© V- * <D¥m±m&. 4$£*&^fi&Sgg 

5 JS^tcWbT. Arl/— tfffl)jg (?S*^5 1 4. 5nm) 

^-r^^v>^cj5L^^t;«fc«iiSiJCD©^ 7?>i/7M 3 3 2-1 3 3 3 [1/ 

<ic^o-r^<*t). /s©±gp-c(iHWt— $<D*mi£.mifim2. o ti/cm]w 

(Full Width at Half Maxima) cDd fcTrfc-So 

x$>z>o m&Mmic&cxmbtizxnr Mn±^fb-ra 0 
& *) . mm\zm vx^tzMimg,&&&miz-!sz c: tvmw ltzo 

iSaBa^ffiK^ftfc^ KJBU lmmx2mmggOfitt(C«!I!3fflT„ 
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5 gffl^'ftf> K^O^iS^7jc^iS-r-i)?3&«, 0!i;Lli\ &m*8 - 1 3 9 

o U£ ^ -V > H £11 £f# * C £ S * „ 

10 a®7K^^«La«. TIBcD^T-fr^o 

MWai* : 6 0 OW 
Tk^sStm : 5 0 0ml /min 
MMI:-10» 

15 xteiae : 9 0 0 °c 

#£lBf FtS : 30^ 

^©TkfSlf&iSiLfc^^^ K^JKCTjc^^e-htcmS^^-r^o ««I©fE 

20 ^ >; ^> (Mo) X«±£SMS^&SK<fcoT/i£:R£-££gL **U:A»&l«lLfc 

T7j<lSfil^S2<£ig(t^ (0 2 (A) ) o 

±I3*V KIBtl i'Di (Cr) ^ h £ LfcifiaSE^W* 'J 

StpiCliJ^T. »«M2 0 0°C\ 5 0 0V. 1 A"? 2 0ft>^^/^^^ ') Is-if&ffli^^ 
25 *|g«l«12±tCj?$5 0 0A©CrI3 1 *j*BW-* 0 SIStt^T, 5& (Au) 

-yyh^UT, lfiigg2 0 0 , C^U 7 0 0V. 1 At! 5 #R8;*/t >y * U > 
HulECr®3 l_t£JP<*2 0 0 0A©AuI3 2*&m?Z (0 2 (B) ) e 

30 &7>£8§fl.f!|£g7teU 7* h b^*^ hffl^tg-e^as^-^^u -c 1 3 
0-COS&T-3 O^^-rSC^TN hv;*^ 6£Bfi£-f£ (02 (C) ) „ 

^©Xgfci, mZ.\3.y* Y h*SSl OOCp, E]iggr3 5 0 0 r pm, 1 bfp 

moms, o omj/cm 2 «fe t 

COU^h77^6^^t, Aui3 2MCrI3 14i^f>i'LT, U 
35 <Dm«B4£:m2CD*li5£7fcjEi£-r£ (0 2 (D) ) 0 AuJl 3 2 (Di f->^«3 £ffc 
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10 fiSfcttiDLfco SB^Ji. Mfc:fel*T* B8&-f3*«I4 5 rate 2 2 0 VCDiSSIt 
mm^fflinU 1. OmA©*»t£afcU-CfT£>*v;fco 

H3a>&W&*>&J:3£H 2 3 5 nrnttifitctf— 4?*fetK dCD&Ati. ttft&A 

^«tc.T*b^g*ja^fliS-&ie^cJ;-5mi^^t*'J^-e#^o &ft3 oon 

20 K*«_htcv^^nife7'7^x'mffl^fieS (MW-CVDi£) T* 

£HS60!|2i:^Oo 

zkmssisy-r-^^ hi ^SBii^^tt^ FMiSMi? looit i^BE 

30 ^-f^*>K'tSai 2 (DWm&m&R® MMMUR1 3 

,fcvmfig5Sis^-r«ifiE*n^o m®4, 5tt?n?MDAi3 1 t£ji3 2 1*» 

35 KMROiANtt* MW-CVDgl* 
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lb (10 0) M1£¥J -V* > H«SS 
MWilS* : 5 0 0W 

iJX : CH 4 ; 0. 2% in H 2 . m&5 00m 1/min 
5 i37.1fcm. : CH 4 ; 9 9. 9999%, H 2 ; 99. 99999% 
Um. : 8 7 0 °C 
&f$H.tl : 4 0 Torr 

-grmmm : 64. 5 mm 

^ :t fcf * * ^ ; p JBttt r ffl l, % T C 11 £ o 

15 i&m7kmmmwmakm 

: 4 0 Torr 
MWfcti;*; : 6 0 0W 
SK&tt : 9 0 0 °C 

mmmn : 1 0 & 

20 tt&l$N : 3 0 & 

0Ltsicj:oT»fc±iB^^^>H#eaK©afrfflWfiis*ia5*ffl»r^TiwH-r 
■5. 

25 0 51^ MftlC&Jt (nm : XftM~qM&feflltt) fciRU IKttttJIffi** -1 

9 cc-ewjeu&cLo^autsffiiBBfi-cwb-cv^o 

30 C£&t>frZo 

**&A»flewu i»s-rsm€S4su f mfii5stc 220 v©fist«ffi*9Jinu 5 



WO 01/04965 



PCT/JPO 0/04208 



10 

Z>x^v h;i/-e-&tK fttttfcttj* (nm) mmizftft&m. (ffitssS) Stot 
•Y-*^> KW fl 14ffl^/:^t ; E> K*^MMI*3H^C*t^-C*. 2 3 5 nmf^ 

io if^scti'-effe, 

m&m 3 **a»o*'-r-*'- : e > \tM&am&m^i±y<< + > k*^mi8 

5tt^n^n^nAS3 i i:ti3 2 t^e»«j56$n^ 0 

30 [/SSIfcfM 

: lb (10 0) »ffi*y**>K*ia 
MWffl* : 6 0 0W 

■fix : CH 4 ; 0. 1% in H 2 , (B) : 5 0 p pm ( = B/C) s S15 0 

0ml /min 

35 Jlxmm. : CH 4 ; 9 9. 9 9 9 9%, H 2 ;9 9. 9 9 9 9 9% 
: 9 0 0-C 
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•&J5£JE^7 : 4 0 Torr 
: 13 5^ 

mm ■. -&f&m •, sts*^* j —&-cm*<D&. i o^Hj^xv^i 
ccDct^truT^fc, **mmmV'(-**> ^mmsm^m^y^ i*** 

10 1 0©Sfi|4, 5 FIC 1 5 0 bs ft 1 mAC^iiAS 

15 nzz. £#T-§fc 0 ift«3 0 0 nmfelTOi^tt, ^^4&^PS^jeH-r^^ 

20 attj&re&^fls* t «t a **i«s6aftb*2ae*re* * c t zmm-t zzt&-c-ztzo 

*>©7?&S<, 

ft********* - * HiMSa«l*ffli>fc**, ^ 'J n irffli©g« 

30 jg^©CL&lc£&Jii£iaf¥<iffi©^*fc. mSftiiAK:J;?.gSM^IIig^>t©*lBt 
$*i ^fflVNTiiwr^o 

* 1 R F (S(77 X V C V D J: VMW- C V D & K J: o Tft fcatfasfcR^-f * 

cct% ^©nm^ii 4 , 5 43j:vtfc««iiM0fi©^^(±v nmm2tmmiz 

35 MW-CVDiSf3,i:t)^SSLfe<, ff^S©^^t?^*^.©»i. TEC^tt®* 
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mmw 4 >mm ; i . o %, m wa^ ; 5 o o w 
mmm 5 : a ? >m& , o. 3 o %, mwju* ; 5 0 0 w 
ttmm i ■. >mm ; o . 50%. mw^a ; 4 0 0 w 

jfc o 

£11 
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StfeffJ2 
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*r 


3lfiS*)4 


34 
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>100 




*r 




0. 16 
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si 


tt6HM2 


0. 01 


m 
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tfctfc&|3 


0. 03 
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-^PfSSH©oI^^(Dt— i'^JSVBtDlt (FE/VB) S^U HS3fflOttM 

15 esjae?«^^£D*^^^LT^So 

aia^Bjj^Scfcolc, Jt^fia) 1 ~~tt&m 3 T-fck, - 1 9 0*C-£©CLi£»c<fc.S 
*£HM£<fcmS, FE/VB(t -fft-?fu 0. 1 6. 0. Ol, 0. 0 3£&£ 

20 fc 0 

*«g|Cj;4 KXftflUJBJfc*? C^fiS09 1 , 2, 4, 5) -efct, 

- 1 9 0-CT-©CL^»C t tS^^fflST'ttFE/VB{i, -?n-en. 0. 2, 6. 7, 

3 4, 1 0 0eilf*ofc, Sfit©CLSC,t5SSffffiT'li, &&Bh&? 

25 ^S^IB^^Sitr^^nfco 
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m*©^M^a tc*f f * i^s^ai t m«t?± a g sM^^ieTte© was© 

M£fc * Wife. L * 2 izjnTo 

§k2izi$^x, ms&m 2&£uttmm 4, 5 a, u-rn^stifiasiMw-cvD* 
mm 2 : mmm^tsi/^mm^mit ; 100 PP mWT 

fUEfll 6 : g^^lS/jK^^Stlt ; 2 0 0 p pm 

ttmw* : ^mm^m/mmm^mtt ; 2 0 0 0 P P m 
ttmm 5 : mmm^m./^mm^mit 2oooo P pm 

20 m.2 





tit m <n 7 ^ x v 4> oi s m a js 
(a»gr^a/g?3i8?^ajt, ppra ) 






100WT 






200 


* 




2000 




it IS 0)5 


20000 





^tC*fbT^Sit2 0 OppmWTT^:SJiaA@ft®^S^%^*M-r^ 
25 d©^JE^6©l5£^*©^iae*2^'f'^->S*^#fS{c: e t!?Sij^Lfe 



to 
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<Dmm* zzm%. Lfcsssftn 3 -at 5 K^-r 0 

$4tt, ^^JRJRM (IR) ast«fcS<SS*©tS«T^-br^tggP (ppm) fc, 
*5ti\ -19 0*C-e<DCL7^ h/^(C«(t«gAnB?RtSM^2:^^jlUlE 

io J»®i8^n^^©^i± (fe/be) mmmxs&mi& : pmm-etftft<D& 

*3 



15 314 











9feflM3 


50 






3SJ6017 


1000 






It 12046 


1500 








3000 


* 






5000 


At 














sttrw >;-as(ppm) 


B35 a a ir <fc -s e ft ©fi^ 
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20 
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it&W7 
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Jt80)ft 
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315 



5**4 


-190°C^(&CUV$M, 
(ZifclfSFE/BEtt* 


*9E3 A IC £ £ £ &!Djg^- 




2.3 




mmmi 


0. 10 






0. 03 


** 






At 


ifc«<W8 




at 



5 3S«: lb (1 0 0) «£E^V*>K*S» 
MWffl^J : 6 0 OW 

#X : C H < ; 0 . 1 ~ 1 . 0%in H 2 , Sftfi ; 5 0 0ml /m i n 
igg : 850~900*C 
ELf] : 4 0 Torr 

10 ±fB*K*5lr'vr. B/Ctt. fW@£-fi£B$®. M*M*> (CH 4 ) £*f-f -5 r 0** 
;i/*D> (B (CH 3 ) 3 ) ©iA14> *->3MC^»/J«««t?*Ufc*><Z>-C* 

So 

I R^MtciS^^^M©^*^ lS-CO*»JR»* (IR) Si:<t2.^1 
(P.M.Cherenko.H.MStrong and R.E. Tuft, Phil. Mag. ,vol23,P313, 1971) Sffl^T. 

is nsbTz-bT-fmgi&mfeLrzo 

0 [1/cm] {CjS^^iR^Sa,. £fc««t&2 8 0 0 [1/cm] 

a^^o i&mixDKommm&i o ppmmmix±<Dm-£izwjm (a,) 

T-fctK ^neiT0i^ttM (a 2 ) #*i3gjT-;&3o 
20 a 3 /a, = 2 2t^n5o 

JBU¥£d (cm) hLfci^ Tffi©«T»S+©»tor*-te:r*JB« (N A ) 

N A = 0 . 0 8 6 x a ,/d 

r^3|->Ii^ffa (Secondary Ion Mas Spectroscopy: SIMS) £fflV>Ts ^ + 
25 -6 > r*MS*©*">iflM£iE5tlC^SL£o S IMSffiSffl^SCtC.tot, T 
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m^nife&ftyeo&ig.tt (fe/b ei£) « n K*gg*©*>>iii*ajg£ii9 

&l$K:3lLT^3o (H.Kawarada<?>> Physical Reveiw B,vol.47,p.3633-3637#H8) 

10 H«S0!l3l4^-fiE^CDB/CJ±*s5 0 p pm-efeD. fUStf*! 7 ti-&J5SB$©B/Cl£# 
1 0 0 0 ppm-C&tK ifc^eii^SBSCDB/Cittfl 5 0 OppmT-fetK it® 
WVIi^OB/Ctt^S 0 0 0 ppmT*!), tt®tm 8 {i-^fig^fOB/Cit^ 5 
0 0 0 p pmffeofeo 
SUtS0«3, 7-ett«8(EaAtwJ:SgSJS6S^B^^*?#Sc:i:* s -C-§^^ tfc 

(D^mm^WLi^m.^m^m.^itki i o o o ppmj£rFT-fcw-niifce>fcv>ci:#s 

IR&lz&Zl&m*<Dt£&7'?-b7'*Wim.<Dfe&<D*£%k. ^6(i^3tt2 p pnu fH 
20 fiS097tt2 0 ppm-£fcofco U*>b&#£> JtHttfl 6 , 7, 8-Cte> *t>mm&l* 

-l 9 ox;^M«ufcCLT©a*»je^i?i6^3fe^*^**»aiiewis^* 

25 IftCOM—PWalUt (FE/BE) £*H£<Dl*Jlts fOfcfll 3 2 . 3. fl$IS0* 7 0 . 

io, ttmm3x-&o. 0 3-cfet>> it®ei7, s-ca. zn?tim&mmxi : -c& 

30 E/BE) B\ 0. lOfiLhx "T*to* 0 . UStUl-Cftttntifc gftt^C fctfSfif 

ft-?ft6 0ppmfc300 ppmhV^I^ito 
35 Lfc«6CI4, Ig^^cD^^^tiS^e 0 ppmWT-e^(tn«^6*^Cl^* s S^ 
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&L±<D£o\Z, *^Wt-ctn«. flWa-e-fiJE^ i» i E> K£fflUTS«u±Alc,£3g 
10 b<tt#-^a-Cfeo-c4)J:v^o 
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